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COMPLETE SPECIFICATION 

Magnetron Electron Discharge Devices 

We, Marconi's "WnffiLEss Telegraph 
Oomfakty .Ltmithd, a company organised 
under the laws of Great Britain, of Mar- 
coni Offices, Electra House, Victoria 
5 Embankment, London, W.C.2, assignees 
of Jobut Scott Donax, Jr., BARRmioitE 
BevbbJiT Brown, and Carmen Lotus 
Ctjcoia, all citizens of the United States 
of America, of 115, Snowden Lane, 
10 Princeton, New Jersey, 32, Hawthorne 
Avenue, Princeton, New Jersey, and 21, 
Hawthorne Avenue, Princeton, New 
Jersey, "United States of America, respec- 
tively, do hereby declare the nature of 
15 this indention and in what manner the 
same is to be performed, to be^ particu- 
larly described and ascertained in and by 
the following* statement : — 

This invention relates to magnetron 
20 electron discharge devices of the type 
having a plurality of cavity resonators 
surrounding and Opening into a cylin- 
drical cathode chamber. 

Magnetrons of this type operating at 
25 ultra-high frequencies may be of several 
kinds. For example they may comprise a 
- solid anode block having slots formed 
therein and extending from the cylin- 
drical cathode chamber, the slots consti- 
30 tuting the cavity resonators and connect- 
ing together adjacent anode segments, or 
they may oomprise an anode formed of a 
conductive cylindrical member having, 
extending from its inner surface a 
35 plurality of conductive Tadial slats or fins 
the inner ends of the slats or fins defining 
the cylindrical cathode chamber and con- 
stituting the anode segments. In this 
second kind, the cavity resonators are de- 
40 fi ne a "by adjacent slats and a portion of 
the cylindrical member. In the first kind 
above referred to the slots may be en- 
larged at their closed ends the enlarge- 
ments being of circular cross section, 
45 Such magnetrons will be referred to. both 
in the following description and in the 
claims as of the type referred to. 

IPric* 27,-] 



According to the present invention, a 
magnetron electron discharge device of , 
the second kind, of the type referred to 50 
wherein alternate anode segments are con- 
ductively connected or strapped together 
by means of a first ring-like conductor 
and intermediate segments are connected 
together by meanB of a second ring-like °& 
conductor, the two ring-like^ conductors 
being otherwise out of electrical connec- 
tion with each other and concentrically 
disposed relatively to each other and to 
the cylindrical cathode chamber, is char- 60 
acterised in that the anode segments are 
provided with end slots which together 
constitute an annular groove coaxial with 
the cathode chamber, and that the first . . 
and second ring-like conductors are of 65 
different sizes inter-se and each has de- 
formations therein forming extensions 
therefrom pei^pendicular to the plane 
thereof and Bpaced apart by angular dis- 
tances respectively equal to the angulaT 70 
spacing between alternate ^ anode seg- 
ments, the first and second ring-like con- 
ductors being disposed within the annular 
groove so that the extensions of one make 
electrical and mechanical connection with 75 
alternate anode segments at the base of 
the annular groove and the» extensions of 
the other make electrical and mechanical 
connection with intermediate anode seg- 
ments at the base of the annular groove. 

Also according to the present invention, 
a magnetron electron-discharge device of 
the first kind of the type referred to 
wherein alternate anode segments are 
conductively connected or strapped to- 
gether by means of a first ring-like con- 
ductor and intermediate segments are con- 
nected together bv means of a second ring- 
like conductor, the two ring-like^ conduc- 
tors being otherwise out of electrical con- 90 
nection with each other and concentric- 
ally disposed relatively to each other and 
to the cylindrical cathode chamber, is 
characterised in that the anode segments r 
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are provided with end slots which to- 
gether constitute a cylindrical depression 
coaxial with, the cathode chamber the ris- 
ing- wall of the slots in alternate anode 
5 segments having a step facing towards the 
cathode chamber into the cylindrical 
depression and the slots in the inter- 
mediate anode segments being provided 
with a member forming a continuation of 

JO the cathode chamber and having a step 
facing away from the cathode chamber 
into the cylindrical depression, and that 
tlie first and second ring-like conductors 
are of different sizes inter se and are dis- 

15 posed within the cylindrical depression 
so that one makes electrical connection 
with and is fixedly located by the step on 
the. rising wall and the other makes elec- 
trical connection with and is fixedly 

20 located by the step on the m em hers with 
which intermediate segments are pro- 
vided. 

Also according to the present inven- 
tion, a magnetron electron-discharge de- 
25 vice of the first kind of the type referred 
to wherein alternate anode segments are 
conductively connected or strapped to- 
gether by means of a first ring-like con- 
ductor and intermediate segments are oon- 

30 nected together by means of a second rinir- 
like conductor, the two ring-like conduc- 
tors being otherwise out of electrical con- 
nection with each other and concentric- 
ally disposed relatively to each other and 

35 to the cylindrical cathode chamber, is 
characterised in that the anode segments 
are provided with end slots which together 
constitute an annular groove coaxial 
with the cathode chamber, and that the 

40 first and second ring-like conductors are 
of different sizes i nfrr-.tr and each has 
sectors extending from the outer peri- 
phery thereof of equal angular extent to 
the angular extent of the anode segment* 
45 and spaced apart by angular distances 
respectively equal to the angular spacing 
between alternate anode segments, the 
sector portions of the ring-like conductors 
being displaced out of the plane of the 

50 ring portion, and the first and second 
ring-like conductors being disposed rela- 
tively to the annular groove so that the 
outer peripheries of sectors of one make 
electrical and mechanical connection with 

^5 the ends of alternate anode segments and 
the outer peripheries of the sectors of the 
other make electrical and mechanical con- 
nection with the ends of intermediate 
anode segments, and so that the ring- 

60 portions of the ring-like conductor having 
a diameter of one size pass within the 
annular groove, under and out of contact 
with the sectors extending from the outer 
periphery of the ring-like conductor hav- 

65 ing the diameter of the other size. As an 



alternative to this construction, the sector- 
portions of one ring-like conductor may 
pass under the ring-like portions of the 
other ring-like conductor. 

Thus the invention provides mag- 70 
nefrons of the type referred to which, 
having improved methods * of strapping, 
promote ease of construction, accuracy, 
aud _ reproducibility of dimensions and 
spacing*, so that such magnetrons can be 75 
reproduced of the same size which will 
operate at the same frequencies and at 
high efficiencies. 

The invention will best be understood 
by reference to the following description 80 
taken in connection with the accompany- 
ing drawing in which Fig. 1 is a top view, 
with parts removed to show details of con- 
struction of an electron discharge device 
made according to the invention. Fig. 2 85 
is a longitudinal section taken along the 
line IT — IT of Fig. 1, Fig. 3 is a longi- 
tudinal section taken along the line III — 
III of Fig. 1, Fig. 4 is an enlarged view 
of the anode segments showing details of 90 
the strapping members pm ployed in the 
device shown in Figs. 1, 2, and 3, Fig. »1 
is a perspective view showing details of 
construction of a strapping member. Fig. 
fi is a section taken along the line YI — YT 95 
of Fig. 4, Fig. 7 is a sectional view o[ 
a modification of the construction sliox\n 
in Fig. 0. Figs. 8 to 13, inchisive, ilhis- 
trate the step* in the construction of 
another form of strapping arrangement 100 
according to the invention. Figs. 14 and 
15 show details of construction of an 
element utilised in Figs. 8 to 13. in- 
clusive. Fig. If5 is a partial top view of a 
modification of the strapping arrangement 105 
shown in Fig. 4, Fig. 17 is a section 
taken along the line XYIT — XTTT of Fi« 
10, and Fig. 18 is a partial section show- 
ing a modification of the construction 
shown in Fig. 17. HO 

Referring to Figs. 1 to 0, a magnetron 
discharge device of the type referred to 
employing the invention comprises a\\ 
anode block 21 supporting a pluralitv of 
radially directed slats or fins 22 which 115 
extend toward the centre and the inner 
ends of which provide the anode segments 
and define the cathode space in which 
the cathode 23 is axially situated. The 
cathode is supported by' magnetic insert 120 
member 24, a second magnetic insert 
member 25 being situated opposite there- 
to. These two inserts form part of th* 
magnetic circuit which is completed bv a 
magnet having poles 24 1 and 2o 3 . The 125 
cathode and inserts are sup ported by 
means of conducting bridging members 
2P> and 27 which are in turn supported 
from the anode block bv means of the 
bolts 2S and 29 insulated bv means of in- 130 



sulating tubular members 80, 31, 32 and 
33, and by means of the bushes 3 ft 1 and 
32 l , see Figure 2. 
* This electrode assembly is mounted on 
5 header member 35 to which an envelope 
36 is sealed, the header and envelope are 
made of non-magnetic material, for 
example, stainless steel. The cathode and 
heater leads 37 and 38 extend through 

10 the header and are sealed therein by means 
of elongated insulating tubular members 
37 1 and SB 1 . One of the cavity resonators 
formed between the slats 22 has coupling 
member 39 which forms the inner conduc- 
tor of coaxial line coupled thereto. The 
outer tubular conductor 40 of the coaxial 
line has an insulating member 41 her- 
metically sealed thereto. Cooling fins 42 
may be secured to the header. 

20 As shown in Figs. 4 and 6, each of the 
radially directed slats or anode elements 
22 is provided with a slot 45' for receiving 
a strapping ring 46 as shown in greater 
- detail in Fig. 5. This # strapping ring is 

25 provided with a plurality of deformations 
or extensions 48, see particularly Figure 
o, perpendicular to the plane of the ring 
and so situated that they make contact 
with .alternate slats as shown in Fig. 4. 

30 To such rings are provided, one of which 
46 l , Fig. 4 ; is of smaller diameter than 
the other ring 46. It is provided with 
extensions 48 1 similar to extensions 48 of 
ring 40. Deformations 48 1 engage and 

35 are electrically connected to the anode 
slats not engaged by deformations 48. 
Thus during operation the voltage on 
alternate anode segments are in phase, 
and in opposition to intermediate anode 

40 segments. As shown in Fig. 6, ring 46 
is electrically connected at 48 to the slat 
which is spaced from the ring 46 1 , and 
ring 46 1 is electrically connected at 48 1 to 
the slat which is spaced from ring 4&. 

45 In the arrangement shown in Fig. 7 
slot 45 in the slats is stepped so that the 
rings are positively located with respect 
to each other, the inner strapping ring 
; enguging the inner step and the outer 

t>0* ring engaging the outer step, lateral 
movement between the rings thereby 
being prevented. 

In the case of magnetrons formed from 
a block by means of slots extending 

55 radially from a central chamber, a differ- 
ent approach to the attainment of the 
object of the invention is made. Hef erring 
to Figs. 8 to 15', slots 51 result in the pro- 
vision of a plurality of anode segments 

60 50. the inner ends of which surround the 
cathode space in which the cathode 52 is 
axially mounted. The anode segments are 
recesBed as indicated at 53. The element 
« 54 shown in Fig. 14 is then placed in posi- 

65 tion as indicated inT?ig. 10. This element 
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54 is provided with three projections 55, 
the outer portions of which are formed to 
provide steps 56. Likewise a ring 57 pro- 
vided^ with a step 58 is placed within re- 
cess 53 in contact with the vertical wall 70 
of the recess. After being secured in 
position element 54 and the ring 57 are 
cut along the slots and alternate portions 
of the ring 57 are left as indicated in 
Fig. 10. It is noted that the step por- 75 
tions of element 54 are mounted at the 
ends of the segments in between those seg- 
ments in which the step ring portions 57 
are left. The portions of element 54 be- 
tween the extensions 55 provide the inner 80 
wall 54 1 as shown in Figs. 11 and 12. It 
is now possible to place two rings 59 and 
60 within the recess 53, the outer ring 
being supported by the stetp ring 57 con- 
necting alternate anode segments and the 85 
the inner ring being supported by the 
step portions 56 of the spider, the relation- 
ship of the inner and outer rings being 
shown in Fig. 13. Thus a most accurate 
location of the rings results. 90 

A further method would be to place 
sectors 57 of conducting material, such as 
shown in Fig. 11, on alternate segments 
adjacent the periphery of the recess. 

A f urther modification of the strapping 95 
arrangement is shown in Fig. 16. Here a 
pair of spiders is utilised, one of the 
spiders 74 being provided with extensions 
or legs 75 so that every other anode seg- 
ment between the slots 71* is connected bv 100 
this spider. The second spider 72 is situ- 
nted over the first spider, the legs 72 there- 
of engaging the anode segments between 
the first mentioned group of segments. The 
relationship of the two spiders is shown in 105 
Fig. 17, the ring portions of the spiders 
extending within the slots 70 1 in the 
anode segments 70. 

In the modification shown in Fig. 18, 
spider rorre sponding to spider 73 110 
of Fig. 16, may be deformed as -indicated 
so that it passes under the ring portion 
of spider 74". 

We are aware of United Kingdom 
Patent Specification 588,916, which was 115 
not available at the date hereof though it 
bears an earlier date, and which claims a 
high frequency electrical oscillator of the 
specific magnetron type therein referred 
to, characterised in that the number of 120 
possible modes or frequencies in which 
oscillations may be generated is limited 
by the provision of electrical connections 
(hereinafter referred to as straps) between 
selected points on the resonator system. 125 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — j^jq 
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1. A magnetron electron-discharge de- 
vice of the second kind ^of fhe type re- 
f erred to wherein alternate anode seg- 
ments are conductively connected or 

5 strapped together by means of a first ring- 
J ike conductor and intermediate segments 
are connected together by means of a 
second ring-like conductor, the two ring- 
like conductors being otherwise out of 

10 electrical connection with each other and 
concentrically disposed relatively to each 
other and to the cylindrical cathode 
chamber, characterised in that the anode 
segments are provided with end slots 

15 which together constitute an annular 
groove coaxial with the cathode chamber, 
and that the first and second ring-like 
conductors are of different sizes interse 
and each has deformations therein form- 

20 ing extensions therefrom perpendicular 
to the plane thereof and spaced apart by 
angular distances respectively equal to 
the angular spacing between alternate 
anode segments, the first and second ring- 

25 like conductors being disposed within the 
annular groove so that the extensions of 
one make electrical and mechanical con- 
nection with alternate anode segments at 
the base of the annular groove and the 

30 extensions of tie other make electrical 
and mechanical connection with inter- 
mediate anode segments at the base of the 
annular groove. 

2. A modification of the device as 
35 claimed in claim 1, wherein the annular 

groove is provided with a secondary 
annular groove in the annular floor there- 
of so as to provide annular steps in the 
rising walls thereof, and wherein the first 

40 and second ring-like conductors are dis- 
posed within the first-mentioned annular 
groove so that the extensions of one ring- 
like conductor make electrical and mech- 
anical connection with alternate inter- 

45 mediate anode segments at the base of the 
secondary annular groove by one rising 
tt-all of which it is fixedly located and the 
extensions of the other ring-like conductor 
make electrical and meclianiral connec- 

50 tion with intermediate anode segments at 
the base of the secondary annular groove 
by the other rising wall of which it is 
fixeaTv located. 

3. A magnetron electron-discharge de- 
55 vice of the first kind of tne type referred 

to wherein alternate anode segments are 
conductively connected or strapped to- 
gether by means of a first ring-like con- 
ductor and intermediate segments are con- 

60 nected together by means of a second 
ring-like conductor, the two ring-lite con- 
ductors being otherwise out of electrical 
connection with each other and concen- 
trically disposed relatively to each other 

65 and to tne cylindrical cathode- chamber, 



characterised in that the anode segments 
arc provided with end slots which to- 
gether constitute a cylindrical depression 
coaxial with the cathode chamber the 
rising wall of the slots in alternate anode 70 
segments having a step facing towards 
the cathode chamber into the cylindrical 
depression and the slots in the inter- 
mediate anode segments being provided 
with a member forming a continuation of 76 
the cathode chamber and having a step 
facing away from the cathode chamber 
into the cylindrical depression, and that 
the first and second ring-like conductors 
are of different sizes inter and are dis- 80 
posed within the cylindrical depression 
so that one makes electrical connection 
with, and is fixedly located by, the step 
on the rising wall, and the other makes 
electrical connection with, and is fixedly 85 
located by, the step on the members with 
which intermediate segments are pro- 
vided . 

4. A device as claimed in claim 3, 
wherein the steps facing towards the 90 
cathode chamber with which alternate 
anode segments are provided are produced 
from a conductive ring having an en- 
larged internal diameter over approxi- 
mately half its height and a constant oa 
external diameter substantially equal to 
the diameter of the cylindrical depression 
into which depression it is inserted and 
fixed, the ring being then severed at 
places corresponding with the slots be- lw 
tween adjacent anode segments and alter- 
nate portions of the ring being removed. 

-"). A device as claimed in claim 3 or 4, 
wherein the members forming a continua- 
tion of the cathode chamber and having 105 
steps facing away therefrom are produced 
from a ring-shaped body having sectors 
extending from the outer periphery there- 
of of equal angular extent to the angular 
extent of -the anode segments and spaced 110 
apart by angular distances respectively 
equal to the angular spacing between 
alternate anode segments the extensions 
having arc\iate outer circumstances of 
two different diameters to form steps 1I& 
therein, and the inner diameter of the 
ring-shaped body being equal to the 
diameter of the cathode chamber, the 
ring-shaped body being inserted into and 
fixed in the cylindrical depression and 130 
then severed at places corresponding with 
the slots between • adjacent anode seg- 
ments. 

6. A magnetron electron-discharge de- 
vice of the^first kind of the type referred 125 
to wherein alternate anode segments are 
conductively connected or strapped to- 
gether by means of a first ring-like con- 
ductor and intermediate segments are con- 
nected together by means of a second 130 
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ring-like conductor, the two ring-like 
conductors being otherwise out of elec- 
trical connection with each other and con- 
centrically disposed relatively to each 
5 other and to the cylindrical cathode cham- 
ber characterised in that the anode seg- 
ments are provided with end slots which 
together constitute an annular groove co- 
axial with the cathode chamber , and that 

10 the first and second ring-like conductors 
are of different sizes inter-se and each has 
sectors extending from the outer peri- 
phery thereof of equal angular extent to 
the angular extent of the anode segments 

15 and spaced apart by angular distances re- 
spectively equal to the angular spacing 
between alternate anode segments , the 
sector portions of the ring-like conductors 
being* displaced out of the plane of the 

20 ring portion, and the first and second 
ring-like conductors being disposed rela- 
tively to the annular groove so that the 
outer peripheries of sectors of one make 



electrical and mechanical connection with 
the ends of alternate anode segments and 30 
the outer peripheries of the sectors of the 
other make electrical and mechanical con- 
nection with the , ends of intermediate 
anode segments, and so that the ring- 
portions (or the sector-portions) of the 25 
ring-like ' conductor having a diameter of 
one size pass, within the annular groove, 
under and out of contact with the sectors 
extending from the outer periphery (or 
the ring-like portions) of the ring-like 35 
conductor having the diameter of the 
other size. 

7. Magnetron electron discharge de- 
vices, substantially as described with 
reference to the accompanying drawings. 40 

Dated this 28th day of March, 1945. 
CARPMAELpS & UAISFSFOKD, 
Agents for Applicants, 
24, Southampton Buildings, 
London, W.C.2. 
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